Real world problems in the recent years have become more complex, hence more powerful optimization techniques are needed to solve these complex and unsolvable problems. These algorithms provide a protean and conditional solution. In this paper a survey of the algorithms inspired by nature which can be used to generate optimal watermarked image. Firefly Algorithm (FA), Modified Firefly Algorithm (MFA), Cuttlefish Algorithm(CA), Bat Algorithm(BA), Artificial Bee Colony, Seed Based Plant Propagation Algorithm, are considered to generate the optimal digital watermarking.
Introduction
With the ever changing world of technology, need for adaptations in the existing models to deal with the today"s problems in the field of computer Science are needed. Watermarking is one such problem which needs to be performed well so that the authentication, security and copyright of the data which is distributed over the internetare intact. Watermarking is a process of securing the data from illegal actions, by adding an extra signal, called watermark signal to the original data. The data could be an image, video or audio. This watermark signal is embedded to the original data in such a way that it doesn"t change the original data in respect of its appearance and overall structure. Also this new watermarked data should be susceptible to any change performed on that data afterwards. The watermark signal should be robust enough to withstand majority of attacks such as compression, Gaussian filtering, scaling, etc.
The Digital image watermarking process should performed be in such a way that the watermark can be extracted later without doing any damage to the original image. This watermark process should deliver robustness, transparency, security of the watermark image. Watermarking can be classified into many subcategories based on their visibility, domain, and durability. In terms of domain, watermarking can be divided into two parts: spatial domain and frequency domain.
The watermark is embedded by directly altering the pixel value of the original image in case of spatial domain technique. This is rather a less complex and easy to implement. But the disadvantage of fragility of the resulted watermarked image to the various attacks, overshadow this advantageous property of spatial domain watermarking scheme. On the other hand, frequency domain technique is more robust in terms of the watermark image and less fragile to the attacks. Frequency domain scheme, also known as transform domain, modulates certain frequencies in a particular domain, such as Discrete Cosine Transform (DCT), Discrete Wavelet Transform (DWT), Singular Value Decomposition (SVD) and Discrete Fourier Transform (DFT). The watermark is then embedded at these modulated coefficients of the frequencies. Despite the fact that frequency domain techniques provide more robustness and present more information, it is costly to implement and more complex than spatial domain because of extra complex computations it have. Also the watermark strength is greater in case of frequency domain scheme. A watermarking strength can be defined as the amount of information of the watermark is embedded in the host image. Therefore, frequency domain techniques are used more often in watermarking.
The watermarking embedding procedure involves the scaling factors which are used to determine the strength of the watermark. These scaling factors should be chosen in such a way that it delineate the deformities in the watermarked image. To do so, we need multiple scaling factors rather than single scaling factor. The selection of multiple scaling factors (MSF) is very critical as it determines the overall structure, imperceptibility and robustness of the watermarked image. This selection of MSF"s is an optimization problem which can be solved by many optimization algorithms such as Firefly Algorithm, Cuttlefish Algorithm, Bat Algorithm, Artificial Bee Colony algorithm etc. The Nature based Algorithms have emerged as a strong solution to these optimization problems in the field of digital image watermarking. This paper presents the survey of the latest Nature based Algorithms which are proved to solve many complex optimization problems of digital image watermarking. The rest of the paper is constituted of the following sections: Section II gives the brief overview of the algorithms.The conclusion is drawn in section IV.
Nature Based Algorithms
The performance of the digital image watermarking can be improved to a great extent if we use the new approach in optimization techniques i.e. Nature based Algorithms. These algorithms are capable to optimize the complex problems of the watermarking. This section provides the overview of the current algorithms based on nature. 
1) Firefly Algorithm
Firefly algorithm is based on the behaviour of the fireflies. Yang in 2008 developed this algorithm at Cambridge University. FA is a new metaheuristic algorithm for optimization problem. The flashing behaviour of the fireflies inspired this algorithm. Here the main two terms used are Brightness and Attractiveness. These two are directly proportional to each other. That is brighter firefly will attract more fireflies towards itself hence its attractiveness is also greater. There are three basic rules of this algorithm which it follows: A) All the fireflies are unisex, which means all the fireflies can attract every other firefly in the set of fireflies. B) The attractiveness is directly proportional to the brightness and inversely proportional to the distance between fireflies. Hence a less bright firefly will move towards a brighter firefly. And if there is no such direction in which the brightness of the firefly increases then it will move randomly. C) The brightness of the firefly is calculated on the basis of an objective function. Also the brightness is proportional to objective function. The attractiveness, β of a firefly can be calculated as:
(1) Where β 0 is the attractiveness at r ij = 0, λ is the light absorption coefficient and r ij is the distance between the fireflies i and j. The movement of a firefly towards a brighter firefly can be determined as:
2 (x j -x i )+αε (2) Where ε is random numbers vector and α is a randomised parameter.
The working of the Firefly Algorithm based on the above rules is shown in the figure 1. 
2) Modified Firefly Algorithm
The current global best solution can be obtained by the brightest firefly according to FA. However, if this brightest firefly moves in random direction as per the standard FA then, its brightness may decrease in a particular direction and hence, the performance of the algorithm degrades in that iteration. Now to reduce this degradation Modified Firefly Algorithm slightly changes this random movement. The new rule of movement is as follows:
The firefly will move only in a direction in which its brightness increases and if there is no such direction, then it will remain at its own position.
This slight change in the standard FA does not let the brightness decreases, hence the performance of the algorithm remain global best. The movement is done in a direction of brightest firefly by determining the randomly generated m unit vectors, u 1, u 2 …..u m . Now select the direction u such that the brightness of the firefly increases in that particular direction. The movement of the brightness of the firefly can be determined as:
x:= x+αu (3) Where α is the random step length. If there is no such direction in which the brightness of the brightest firefly increases, then the firefly will remain at its current position.
3) Cuttlefish Algorithm
Cuttlefish Algorithm (CFA) is a new meta-heuristic optimization algorithm which is inspired by the changing of colour of the cuttlefish. The cuttlefish produces these colours and patterns through the reflection from its three layers of skin. CFA has two processes -Reflection and Visibility. Reflection is a process of simulating the reflection of light mechanism and visibility simulates the matching pattern"s visibility of the cuttlefish. The global optimal solution can be found using these two processes. The new best solution is determined by: n p = reflection + visibility (4) The CFA uses the basic working of the three layers of the skin cell of the cuttlefish, namely Chromatophores, leucophore and iridophore. It has two mechanism of contraction and shrinking of the skin. When the skin contract then it is stretched and the inside pigment covers a large surface and when these muscles relax then the saccule will shrink and hides the inside pigment. The algorithm is implemented by reordering of three layers of skin cells into six possible cases as shown in figure 2 .
Hence, for 6 cases, we have equations for reflection and visibility as:
Where G 1 is the group of cell, i is the i th cell of G 1 , point[k] is the k th point of cell I and best solution is given by best.points. R is the parameter which finds the stretch and shrink interval and V is the visibility degree.
R= Random ()*(r 1 -r 2 ) +r 2 (7) V= Random ()*(v 1 -v 2 ) +v 2 (8) r 1 , r 2 , v 1 , v 2 are specified by the user. For case 5 we will use:
Reflection k = R*best.points[k]
4) Bat Algorithm
Bat algorithm (BA) is inspired by the Echolocation behaviour of bats. The bats produce sonar, called echolocation which is of very high pitch and frequency that 
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Licensed Under Creative Commons Attribution CC BY cannot be heard by the human ears. They catch their prey using these sound waves. Bats produce sound waves and listen to them when they echo back after the reflection from a surface in the environment or the prey. They use frequency modulated signals and their bandwidth varies with the species. Usually the frequency range for all the bats is in between 25 kHz to 150 kHz, but some species can emit higher than 150 kHz. Bats tend to emit about 10 to 20 sound waves every second in normal conditions but when they are in hunt of the prey this emission will go up to 200 per second. Same is the case with loudness, i.e. loudness is maximum when they are near the prey and minimum when they are just horning for the prey. Bats have an amazing capability to use the time delays between its ears and can estimate about the size of the prey, distance and even the moving speed of that prey. They use the phenomenon of Doppler Effect induced by the prey insects by fluttering of their wings. The BA is implemented as in Figure 4 : 
5) Artificial Bee Colony
Artificial bee colony algorithm (ABC) is inspired by the combing behaviour of the honey bees. It has been developed by the Karaboga as an optimization algorithm for numerical problems. ABC can be used in the problem of optimization in digital image watermarking. According to ABC algorithm the honey bees are divided into three groups: Inked, bystanders and recruiters. Half of the bees are inked and half are bystanders. There is an equal food source around the hive as inked bees. The recruiters are those bees who abandon their food sources. The food sources here represent the possible solution and the amount of food source represents the fitness or quality of the solutions.The number of the inked bees or bystander bees always depend on the number of solutions, thus they are always equal the number of solutions. The probability can be calculated for a food source in order to be selected by the bystander bees: (14) Where fit i is the fitness of the generated solution and SN is the amount of food source. To calculate the candidate food source position from te previous value: 
6) Seed Based Plant Propagation Algorithm
The plant propagation algorithm (PPA) is mainly derived from the Strawberry plants, hence also known as Strawberry Algorithm. It has inherited its process by the property of plants to propagate using Runners. The important advantage of this algorithm is that it can be implemented for any optimization problem. It will give the desired solution to all these problems. Seed based plant propagation algorithm (SBPPA) uses the basic concept of PPA with a slight change in the propagation. Here, the propagation is done by the seeds. A feeding station is built to attract the attention of the agents who helps in dispersing the seeds. This feeding station is important to build as the fruits and seeds are produced periodically by the plants. Many plants and depends on each other to preserve their species. Hence, some plants require their seeds to be dispersed well by the dispersing agents like frugivorous animals and birds. This dispersal of seeds by these agents is also referred to as Seed Shadow. The feeding model has two parts: a) The rate of visiting a plant by the agents is dependent on the quantity of the fruit or seed on that plant. b) A probability density function, which implies the rate at which the agents are being served by the plants with the fruits or seeds.
This model calculates the quantity of seeds dispersed locally and globally. There are two basic concepts which needs to be balanced for effective implementation of SBPPA: exploitation or intensification which searches locally and converge optimally to local solution and exploration or diversification allows for global search and finds the global optimum solution. This algorithm assumes that the arrival of the agents to feed themselves on the plants is according to the Poisson"s distribution. Let X" be denoting number of agents arriving per unit of time, t. Now k arrivals in time t can be formulated as : P(X"=k) = ((λt) k e -λt ) / k! (15) Where, λ is the mean rate of arrival of the agents per time unit
The SBPPA can be used in watermarking to find the optimal positions for the embedding of the watermark mage in the host image by finding the dispersion of pixels in the host image.
The SBPPA is described in Figure 7 :
Here NP is population size, r is the no. of iteration and max is the max iteration.
Figure 7
In case when Poisson distribution, λ is less than the set value then the exploitation will occur and the algorithm will search locally: And when λ is greater than a defined value then the exploration will occur and the algorithm will search globally:
The random population of NP seeds is generated initially using: x i,j =a j + ( b j -a j )η j , j=1,2……n (18) Where, x i,j [a j b j ] and η j (0,1).
Conclusion
There are many algorithms which can be used in the optimization of the digital image watermarking and each has its own advantages and disadvantages. No particular algorithm is capable of resisting all kind of attacks; one algorithm may be resistant to some attacks but may not provide robustness to some other attacks. In the previous sections algorithms based on nature has been presented with their flow of steps and defining the calculations used in the implementation of these algorithms. However, these algorithms are not exposed much to the watermarking industry and researchers; hence it is of great interest to use these algorithms in the future. It is expected from the future researchers to enhance the use of nature based algorithms in the field of digital image watermarking optimization and newer techniques would also be implemented.
